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ABSTRACT
A sample from the Oligocene
ir.hite Siver formation was taken from
the top of Sentinel Butte. 'Illin sections and etched sections were prepared from this sample and studied
microscopically. 'Ihe sample was
found to be a dense, highly siliceous
limestone which exhibits very thin,
rippled laminations , ranging from one
tenth to one half millimeter in thickness. Several isolated, subangular
quartz grains were observed in each
of the sections studied. A considerable number of fossil outlines are
present which appear to be fresh water
ostracods. 'Ihe porosity and permeability of the sample were found to be
relatively poor .
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I TROWCTION

The purpose of this report is to pr esent a complete
study of a l i mestone sample taken from n

1te River forma-

tion outcrop on top of Sentir!Cl Butte, &olden Valley County, ·.orth Dakota, by , r. ""• D. Holland Jr.

Uacroscopic

study and microscopic analysis on thin and etched sections
were en oloyed to det(,rmi,.1e tho rne.nn r of de'Josi tinn and
extent ar.d kind of d1a.gcnet1c cha:1gos.

'lbe stru cture and

the specific composition of the rock u~e also considered
in the determination of the 1aa.nnc:r of deposition .
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Dir1ne the Tertiary porlod there :as widespr ead evidence of fresh •. a tor lakes in the mid- continent and 1nuch
of the l · mestone which was dcposl ted during tha t t im

of a precipitated form .
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Most of the Vlhite River is com-

posed of shales and s ands tones with thin local l lmef,t onea .
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MACROSCOPIC DESCRIPTION

The limestone is very finely crystalline and the
color (according to Goddard,~· al., 1948) appears white
on a weathered surface.

On a fresh surface the color is

a very pale orange with dark yellowish brown to dusky
yellowish brown streaks following the laminations.

:"Jhen

wet, the color decreases in value, but does not change.
'lhe rock is v.ell 11 thified.

rrhe composition is predomi-

nantly microcrystalline calcium carbonate ~1th silica composing the darker bands which are more resistant to weathering than the carbonate.

'Ihere are no recognizable,

megascopic organic remains.

The bedding in the rock is

variable, thin, and asymmetrically rippled, and ranges
from 1/2 to 1/10 of a millimeter in thickness, which is
in the very thin lamination class as termed by Gray in
1955.
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PREPARATION OF SAMPLE FOR ANALYSIS

Thin Sections
Three sections were cut on a water lubricated diamond
saw to a thickness of one millimeter and normal to the
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bedding planes .

One side of each section was polished and

then it was mounted on a glass slide with Canada balsam.
The sections were initially ground with a wet grinding
compound , Crystallon four hundred grit .

'Ihe proper thin-

ness of approximately thirty microns was obtained by noting
when the birefringence colors of the quartz grains between
crossed nlcols were in the first order.

As the sections

approached the p roper thinness, dry emery cloth of 4/0
grit was substituted for the wet compound to prevent disintegration of the rock .

After the proper thinness was

reached the specimens were placed under a cover glass,
and cemented by Lepages glue in order to prevent dispersion of the section as the Canada balsam was reheated.
'Ille sections were numbered L-1 , L-2 , and L-3 .
Etched Sections
'lhe procedure in the preparation of etched sections
is described fully by Lamar ( 1950 , p . 2) .

In the prepar a -

tion of these sections , a piece of the sample rock was
s awed in such a manner as to present a horizontal plane
when placed on a flat surface .

'lhe upper surface was

ground and polished as to eliminate all traces of the
saw marks.

The specimen was then placed in a glass dish

and concentrated hydrochloric acid was added until the
surface of the specimen was submerged by abou t one quarter

-

of an inch.

The reaction was allowed to continue ror a

short time , allowing the soluble material to dissolve
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completely.

Then the specimen was removed from the acid,

washed gently in water, and allowed to dry.
EQUIPMENT USED IN ANALYSIS
The thin sections were studied by transmitted light,
both polarized and normal, under a petrographic microscope.

study by reflected light was also tried with the

petrographic microscope, but was not very successful.
The etched section was studied with binocular microscope
and reflected light.
MIC ROSCOPIC ANALYSIS
Structure
The sample studied exhibited very clear, thin laminations, which are variable 1n thickness, not only between
the laminae, but along the same plane.

'Ihe laminations

seem to be continuous, although asymmetrically rippled,
possibly from influence by delicate currents or waves.
In some places the bedding semms to be dependent upon, or
as a consequence of, small 'ghosts• of fossils; draping
over these remains which possibly signifies a detrital
origin.

'Jhe fossils and their relationship to the struc-

ture are discussed below.

Upon initial observation under

the microscope there seems to be a fracture system, enlarged by the mounting of the specimen, along and occasionally across the bedding planes.

When observed under polar-

ized light these bands app€ar isotropic and under normal
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transmitted light they are translucent, s1gn1f'y1ng a
mineral and not fracture patterns filled with balsam as
was originally thoughtJ as Canada balsam is transparent
under normal light.
Mineralogy
The mineral which appeared to be fractures was first
observed with transmitted light under a high power objective and the following observations were made:
a) Transparency-

Tranelucent

b) Color-

Light to dark yellow brown

c) Habit-

Absence of crystal faces

d) Shape-

Not Distinguishable

e} Size-

Cryptocrystalline

f) Fracture-

Conchoidal to sub-conchoidal

g) Parting-

Irregular

h) Cleavage-

None

1) Refractive Index-Slightly lower than Canada
balsam
Under crossed nicols the mineral was isotropic and seemed
to grade into the surrounding calcium carbonate.

Under

normal light the mineral in question composed the denser,
darker bands in the specimen.

'D:lis mineral was thought to

be either cellophane or silica; but as the hardness of the
mineral is more than steel, some doubt was raised in the
identity of collophane.

As collophane contains the phos-

phate radical a chemical test for phosphate (Smith, 1946,
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p. 135) was run on the s o ecimen.

A fragment of the speci-

men was dissolved in nitric acid, then a small piece of
ammonium molybdate was added, but the yellow color indicating phosphate did not become apparent.

Since the phos-

phate test was negative collophane was eliminated.

Silica

of some microcrystalline varieties seems to fit the description accurately as chert, f lint, and opal have a hardness of about seven on the Moh scale, and the optical properties of these are the same as those listed above.

'Ihe

darker color denotes impurities in the silica, probably
due to a small quantity of iron compounds.
A few small independent grains of quartz were observed
in the sections.

'Ihey exhibited symmetrical extinction

under crossed nicols and some gra ins seem to be basal sections as they are dark i n all positions of the stag e.
'Ihere were less than twelve quartz grains counted in the
three sections .
sions.

Two of these gra ins showed 'wormy' inclu-

'Ihe outlines of most of all the quartz grains are

subangular.
'lhe calcium carbonate, as determined by effervescence
with cold hydrochloric acid, composes lenticular and irregular bands in th e roc 1r .

'Ihe calcium carbonate appears as

a homogeneous aggregate of microcrystalline calcite particles and is difficult to distinguish lithologically from
the surrounding siliceous material except in the examina-

e

tion

or

the etched section.

'Jhe calcareous contact with
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the siliceous matter is fairly transitional , indicating
either gradual silica replacem~nt of the lime or transitional deposition of both minerals as by a gelatinous mass
covering the lake bottom.
Also noted on the specimens were a few manganese dendrites .

'.I:hese dendrites seemed to confine themselves to

certain horizons as if there was precipitated at a certain
time a quantity of manganese along with the calcium carbonate.

'Ihe dendrites are tree- like patterns of incipient

deposition along the bedding planes .
Organic Remains
'.Ihe thin sections were studied for fossils and there
was no clear organic remains found .

However, there were

numerous 'ghosts• of very small fossils observed.

'Ihese

were distributed throughout the section and are found in
the siliceous zones as well as the limestone zones .

'Ihey

are asymmetrical segments of a curve , resembling a valve ,
and are about one- half millimeter in length .

TI1e cast of

the shell seems to be composed of crystalline calcite,
probably the original material as shown by further investigation.

As the s tage of the microscope is revolved the

extinction follows the curve of the form at an inclination
from the optic axis .

Therefore, the extinction of these

crystals , if the calcite is arranged in a tangential or
fiberous manner , is symmetrical .

'J.hese forms are fairly

numerous, as there were six observed in the field of the
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microscope at one time.

rrhe orientation of the shells

is both concave upward and downward, although none of them
are standing on end in respect to the bedding planes .
'lhese fossils appear to be rresh water ostracods.
rrhe structure and the fossils seem to be dependent
upon each other.

Determination of the top of the section s

is based on the structure by reference to the influence
of these shells upon the laminations.

The laminae are

developed normally , al though being rippled, up to the
occurence of a shell.

Above the shell the bedding is

draped over this form and the beds below show some deformation from compaction.

'Ihus , it was relatively simple

to determine the top of the structure in these thin sections as illustrated in figure 2.

t
A

1 m.:i..

·rop

B

;,ketch showing the method of determination of top from
bottom by obst.rving the draping effect of th6 laminations lC)
over the fos~i outlines (U) •
.Figure 2
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ETCHED SECTION AUALYSIS
The etched section was studied under a binocular
microscope by reflected light.

'Ibe most noticeable fea-

ture of this section is the marmer in which the carbonate
was etched out.

The patt ern of the voids is very lenti-

cular, following the laminations essentially, but not explicitly.

'lhe silica is not confined to certain laminae

but seems to have invaded most of the lighter colored
limestone bands, probably leaving the carbonate which was
the most dense originally.

'lhe silica and the carbonate

are fairly well integrated at the contacts, but in a transitional manner.
'Ibe silica remnants are arranged in dense bands of
opal or flint and less dense, broader areas of silica
which exhibit a sugary or sponge-like appearance.

'Ihis

seems to indicate that the silica was originally deposited in bands, but is gradually replac~ng the carbonate.
'Ihere a.re no sharp limits oetwe en the area s of carbonate
and silica.

Silica is also present in the form of sub-

angular quartz grains WJ. ich are very clearly detrital.
The presence of these grains may indicate a current change
or an increase in weathering in the source roe le.
POROSITY AND PERMEABILITY

'Ihe sample of limestone under investigation appears
to be well lithified.

ll

In order to obtain a rough order of

the porosity of the limestone thirty two cubic centimeters
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of dry rock were immersed in one hundred cub ic centimeters
of water.

Due to the fact that the volume of water did

not change noticeably when the sample was removed from
the fluid, a conclusion was reached indicating relatively
poor porosity.

Because of the insufficient pore space,

the permeability would naturally be limited.

As a result

this limestone would not be a good reservoir for fluids.
As opposed to the more porous sandstones of the White River
fonnation, this limestone strata may be of economical use
as an important trap rock.
Co:i 1 CLDSI0NS

'lhe limestone sample from the Y.bite River formation
was studied megascopically and microscopically by thin
section.

In addition to this, porosity and permeability

wer e studied briefly.

'Ille sample was found, under thin

section, to be a highl y siliceous limestone with very
thin, asymmetrical laminations.

Several micro-fossils

were found and Vvhile they could not be identified positively, they appeared to be fresh water ostracods.

'Ibis

bed, if the fossils we r e identified and localized vertically, might prove to be a good marker bed in the White
River formation.

'Ihese fossils were used together with

the s tructure of the specimen in the determination of the
orientation of the section in reference to top and bottom.

•

A few particles of detrital quartz were also found in the
specimen.

The grains being subangular signifies a rela-

12
tively short transportational history.

'lhe porosity and

permeability of the specimen are poor ~ making this strata
more of a trap rock than a reservoir rock.

